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The article describes syntheses, crystal structures and magnetic properties of six defective 




carboxylato)2]·nH2O (1, X = OMe
‒, carboxylato = o-benzoylbenzoato, n = 0; 2, X = 
{(OMe‒)0.83(N3
‒)0.17}, carboxylato = phenyl acetato, n = 2; 3, X = {(OMe
‒)0.80(N3
‒)0.20}, 
carboxylato = salicylato, n = 0; 4, X = OH‒, carboxylato = o-benzoylbenzoato, n = 2; 5, X = 
{(N3
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N3)2(µ1,1-N3)2(N3)2(H2O)2]·4DMF (6), where H2L
1 is 2-Formyl-6-{(2-hydroxy-1,1-dimethyl-
ethylimino)-methyl}-4-ethyl-phenol, and this is the partially hydrolysed product of initially 
employed ligand H3L, 2,6-Bis-{(2-hydroxy-1,1-dimethyl-ethylimino)-methyl}-4-ethyl-
phenol. Each of the two compartments of each [HL1]‒ in 1‒6 is occupied by a NiII ion, to 
form a NiII2 fragment. The common bridges between the two metal ions in a dinuclear 
fragment are μ-phenoxo of [HL1]‒ and one μ3-core ligand (methoxo/hydroxo/mixture of 
methoxo and μ1,1,1-azido) while the additional bridge in 1‒5 is a μ1,3-carboxylato. Two 
dinuclear fragments are interlinked by two μ1,1-azido and two μ3-core ligands. Interestingly, 
the μ3-methoxo compound 1 and the μ3-hydroxo compound 4 are interconvertible in both 
ways as the function of the solvents. Variable-temperature and variable-field magnetic studies 






Molecular magnetism has been a frontier level research area over the last few decades. The 
key foci of molecular magnetism are the following: (i) Understanding of the intimate 
relationship of spin coupling[1] from the analyses of the concerned orbitals; (ii) Determination 
of both experimental and theoretical magneto-structural correlations[2] in simple systems; (iii) 
Application of the correlations in complex systems that have several exchange pathways to 
explain or assign their magnetic interactions to appropriate routes;[3‒6] (iv) Development of 
magnetic materials[7‒9] including single molecule magnets (SMMs)[8] and single ion magnets 
(SIMs).[9] 
 Isolation of new polynuclear clusters is a fascinating as well as challenging aspect in 




































































one familiar motif is defect-dicubane. It may be mentioned that there are a number of defect-
dicubane compounds having only 3d metal ions,[3b–g,4–6,10] only 4f metal ions[8e] and both 3d 
and 4f metal ions.[11]  
 The choice or design of ligands and self-assembling[3h,i] are crucial for stabilizing 
clusters[3–6,8,10,11] (as well as coordination polymers, CPs[7,12]). The symmetric two-
compartmental Schiff base ligands (like H3L; two O(alcohol)N(imine)O(phenol) sites; 
Scheme 1) that are obtained from [1+2] condensation of a 4-R-2,6-diformylphenol (R = Me, 
Et, n-butyl, tert-butyl, Cl, CF3, etc.) and an aminoalcohol or aminophenol is a good member 
for stabilizing clusters or CPs because of the presence of three possible bridging sites (two 
alkoxido and one phenoxo) in their deprotonated forms. The possibility of getting clusters 
and CPs gets obviously enhanced when other potential bridging ligands like azido or a 
carboxylato or both are also used along with H3L type ligands.  In fact, a number of clusters 
and some CPs produced on following this approach are known[5,6,13] and some of those 
compounds are defect-dicubane NiII4 systems as well.
[5,6] In some rare cases, partial 
hydrolysis of H3L type symmetric ligand takes place during the course of the formation of the 
metal complexes and therefore the final compound contains deprotonated forms of 
unsymmetrical Schiff base ligands (like H2L
1; one O(alcohol)N(imine)O(phenol) site and one 
O(aldehyde)O(phenol) site; Scheme 1).[4,13a] It may be mentioned that one defect-dicubane 
NiII4 complex contains such partially hydrolyzed ligand system.
[4] 
 Our aim of this investigation has been the syntheses, characterization and magnetic 
studies of a series of NiII compounds using the new Schiff base ligand, H3L (Scheme 1; 1:2 
condensation product of 4-ethyl-2,6-diformylphenol and 2-amino-2-methyl-1-propanol) as 
the base ligand and also using azido and various carboxylatos as the secondary bridging 
ligands. During the formation of complexes, partial hydrolysis of H3L takes place and six 
defect-dicubane NiII4 compounds of the following compositions have been isolated (H2L
1 is 
shown in Scheme 1): [NiII4(HL
1)2(µ3-X)2(µ1,1-N3)2(µ1,3-carboxylato)2]·nH2O (1, X = OMe
‒, 
carboxylato = o-benzoylbenzoato, n = 0; 2, X = {(OMe‒)0.83(N3
‒)0.17}, carboxylato = phenyl 
acetato, n = 2; 3, X = {(OMe‒)0.80(N3
‒)0.20}, carboxylato = salicylato, n = 0; 4, X = OH
‒, 
carboxylato = o-benzoylbenzoato, n = 2; 5, X = {(N3
‒)0.58(OMe
‒)0.42},  carboxylato = o-
benzoylbenzoato, n = 2) and [NiII4(HL
1)2(µ1,1,1-N3)2(µ1,1-N3)2(N3)2(H2O)2]·4DMF (6). Herein, 
we describe syntheses, chartacterization, crystal structures and magnetic properties of 1‒6 
along with an interesting case of solvent-dependent and both-way interconversion of 1 






































































Scheme 1. Chemical structure of the ligands H3L and H2L
1. 
   
 
 
Results and discussion 
Syntheses and FT-IR spectra 
The syntheses of the six compounds are illustrated in Scheme 2. Although the 
symmetrical Schiff base ligand H3L (Scheme 1; having two O(alcohol)N(imine)O(phenol) 
compartments) was used in the syntheses of 1‒6, they don’t contain H3L or any of its 
deprotonated forms but they contain a deprotonated form, [HL1]‒, of the unsymmetrical 
Schiff base ligand H2L
1 (Scheme 1; having one O(alcohol)N(imine)O(phenol) and one 
O(aldehyde)O(phenol) compartments). Clearly, partial hydrolysis of H3L takes place during 
the formation of the metal complexes 1‒6. We were curious to know whether the partial one 
arm hydrolysis of ligand is metal assisted or not. We have attempted to form in situ the H3L 
ligand followed by its reaction with copper(II) nitrate, sodium azide and triethyl amine in 
1:2:2:3 ratio in H2O/MeOH medium. This, resulted after few days, green coloured crystalline 
compounds along with diffractable single crystals of composition [CuII2(H2L)(1,1-
N3)(NO3)(MeOH)]. Similar type of dinuclear Cu
II-based complexes derived from similar type 
of ligands are reported previously in which two CuII ions are seated in two 
O(alcohol)N(imine)O(phenol) compartments of the ligand.[14] Hence, in case of binding with 
CuII, in situ formed H3L ligand does not undergo hydrolysis whereas in case of Ni
II, partial 
one arm hydrolysis takes place (Scheme 2). This phenomenon indicates that presence of 











































































































































The tetranuclear compounds 1‒3, containing methoxo (for 1) or 0.83:0.17 (for 2) and 
0.8:0.2 (for 3) methoxo:1,1,1-azido as the 3-core ligand and two 1,3-carboxylatos, were 
readily prepared on reacting the following reactants in 1:3:2:2:2 ratio: H3L in methanol, 
NaOH in water, nickel(II) perchlorate hexahydrate in methanol, a carboxylic acid (o-
benzoylbenzoic acid, phenyl acetic acid and salicylic acid for 1‒3, respectively) in methanol 
and sodium azide in water (Scheme 2). A similar reaction in which the carboxylic acid is o-
benzoylbenzoic acid and H3L (1 mmol) was taken in 15 mL 2:1 methanol-DMF instead of in 
10 mL methanol (in 1‒3), the compound 4 is produced in which the 3-core ligand is hydroxo 
instead of methoxo or methoxo-azido. The compounds 1 and 4 have the same carboxylato (o-
benzoylbenzoato) in the tetranuclear cores and have similar strtuctures, except that 1 has a 3-
methoxo but 4 has a 3-hydroxo. Therefore, it seems that the solvents are playing the crucial 
role in these two compounds in governing the nature of the 3-core ligand; 1 is produced in 
methanol-water, while 4 is produced in methanol-DMF-water, i.e. the presence and absence 
of DMF is crucial here. To explore this aspect further, we checked whether 4 could be 
produced from a DMF solution of 1 and 1 could be produced from a methanol solution of 4. 
In fact, such reversals occur; the 3-hydroxo compound 4 was crystallized when ether was 
diffused to a DMF solution of the crystalline 3-methoxo compound 1 and similarly, the 3-
methoxo compound 1 was crystallized when ether was diffused to a methanol solution of the 
crystalline 3-hydroxo compound 4 (Scheme 3). Both products in these two conversions were 
characterized by single crystal X-ray structure determinations. As discussed, NiII4 cores in 
1‒5 differ only with respect to the 3-core ligand (methoxo/mixture of both methoxo and 
1,1,1-azido/hydroxo), which indicate the stability of such cores and such a stability is better 


























































































































































We were attempting to produce heterometallic NiIIMnII compounds following the 
similar reactions as mentioned above. On using 1 mmol of Ni(ClO4)2·6H2O and 1 mmol of 
MnCl2·4H2O instead of 2 mmol of Ni(ClO4)2·6H2O in a process similar to that of the 
preparation of 3-methoxo-1,3-o-benzoylbenzoato compound 1, we got the (1,1,1-azido)0.58-
(3-methoxo)0.42-1,3-o-benzoylbenzoato compound 5. If Mn
II is not used but even larger 
amount of azide was used, the product is not 5 but 1. On the other hand, when o-
benzoylbenzoic acid was not used and larger amount of azide was utilised, the 1,1,1-azido 
compound 6 was produced. This latter compound also contains monodentate azido. All in all, 
compound 5 was produced in a peculiar way.  
FT-IR spectra of all the six compounds were recorded. The compounds 1‒4 exhibit 
one band of very strong intensity in the narrow range of 2063‒2072 cm‒1, which corresponds 
to one type of azido moiety (1,1-); the signal for azido ligand of minor occupancy (in 2 and 
3) does not appear separately. There is a band of very strong intensity at 2063 cm‒1 and 
another band of strong intensity at 2092 cm‒1 in the spectrum of 5, which correspond to two 
types of azido ligands (1,1- and 1,1,1-) in it. Three types of azido ligands in 6 are reflected in 
its FT-IR spectrum as a very strongly intense absorption at 2056 cm‒1 along with two 
shoulders (2079 cm‒1, strong; 2107 cm‒1, weak) appear in the spectrum. Each compound 
exhibits one absorption of very strong intensity at ca. 1650 cm‒1 and another absorption of 
strong intensity in the range of 1619‒1633 cm‒1, which can be assigned to, respectively, 
aldehyde C=O and imine C=N stretchings. Symmetric and asymmetric stretchings of 1,3-
carboxylato ligands in 1‒5 appear as bands of medium intensity in the ranges, respectively, 
1557‒1585 cm‒1 and 1380‒1409 cm‒1. The O‒H stretchings of water (in 2, 5 and 6) or of 
water and hydroxo (in 4) appear as a broad band with the center lying in the range of 
3416‒3451 cm‒1. 
 
Description of the crystal structures of 1‒6 
The crystallographic data for 1−6 are summarized in Table S1. All the compounds 
1‒6 crystallize in the same crystal system, monoclinic, but different space group, C2/c for 1, 
P21/c for 2, 4, 5 and P21/n for 3 and 6, respectively. The structures reveal that the six 
compounds 1‒6 are tetranuclear defective dicubane type NiII4 systems. The six compounds 
1‒6 can be expressed by the general composition [NiII4(HL
1)2(µ3-X)2(µ1,1-N3)2(µ1,3-
carboxylato)2]·nH2O (1, X = OMe
‒, carboxylato = o-benzoylbenzoato, n = 0; 2, X = 
{(OMe‒)0.83(N3






































































carboxylato = salicylato, n = 0; 4, X = OH‒, carboxylato = o-benzoylbenzoato, n = 2; 5, X = 
{(N3
‒)0.58(OMe




N3)2(µ1,1-N3)2(N3)2(H2O)2]·4DMF (6). For all the six compounds, one half is symmetry 
related to the other half. The tetranuclear cores of 1‒6 are shown in Figure 1 (for 1 and 4), 2 
(for 5 and 6) and S1 (for 2 and 3), respectively, while simplified presentations of the NiII4 
cores are illustrated in Scheme 2. 
 
 
Figure 1. (a) Crystal structure of [NiII4(HL
1)2(3-OMe)2(1,1-N3)2(1,3-o-benzoylbenzoato)2] 
(1). All the hydrogen atoms except those of the core µ3-methoxo bridging ligands have been 
omitted for clarity. Symmetry code: A = –x, 2–y, 1–z; (b) Crystal structure of [NiII4(HL
1)2(3-
OH)2(1,1-N3)2(1,3-o-benzoylbenzoato)2]·2H2O (4). Hydrogen atom on 3-hydroxo oxygen 
atoms (O6/O6A) were not inserted. All the other hydrogen atoms and water molecules of 






































































Figure 2. (a) Crystal structure of [NiII4(HL
1)2{(3-N3)0.58(3-OMe)0.42}2(1,1-N3)2(1,3-o-
benzoylbenzoato)2]·2H2O (5). All the hydrogen atoms except those of the core µ3-methoxo 
bridging ligands and two water molecules of crystallisation have been omitted for clarity. 
Symmetry code: A = 2–x, 1–y, 1–z; (b) Crystal structure of [NiII4(HL
1)2(1,1,1-N3)2(1,1-
N3)2(N3)2(OH2)2]·4DMF (6). All the hydrogen atoms except those of the coordinated water 
molecules have been omitted for clarity. Four DMF molecules of crystallisation have also 
been omitted for simplicity. Symmetry code: A = 1–x, 2–y, –z. The dotted lines represent 
intramolecular hydrogen bonding. 
 
There are a number of general features in the structures of the six NiII4 systems 1‒6, 
as mentioned in this paragraph. Each of them contains two Schiff base ligands, [HL1]‒ 
(Scheme 1), where the phenoxo moiety gets deprotonated. In each compound, each of the two 
compartments (O(phenoxo)N(imine)O(alcohol) and O(phenoxo)O(aldehyde)) of a [HL1]‒ is 




































































NiII ions accommodated in one [HL1]‒ to generate a monophenoxo-bridged NiII2 fragment. 
Two such symmetry related dinickel(II) fragments are interlinked by four bridging ligands, 
which are of two of the following types : (i) Peripheral µ-bridging ligands ‒ two µ1,1-azido 
ligands, each of which bridges one metal ion of one so-called NiII2 fragmnent and one metal 
ion of the second so-called NiII2 fragment; (ii) Core µ3-bridging ligands ‒ two µ3-
methoxo/hydroxo/µ1,1,1-azido or mixture of both µ3-methoxo/azido ligands, each of which 
bridges both metal ions of a NiII2 fragment and one metal of the second Ni
II
2 fragment. The 
core µ3-ligand is methoxo for 1, hydroxo for 4 and µ1,1,1-azido for 6. In case of 2, 3 and 5, it is 
found that the µ3-core ligand is a mixture of methoxo and µ1,1,1-azido with incomplete 
occupancy for each type; 83% methoxo and 17% azido for 2, 80% methoxo and 20% azido 
for 3 and 58% azido and 42% methoxo for 5. Simplified core structures are shown in Figure 
S2 in which occupancies of the mixed-ligand set in 2, 3 and 5 are also shown.  
As is clear from Figure 1, 2 and S1, the four NiII ions, µ-phenoxo oxygen atoms, µ3-
hydroxo/methoxo oxygen atoms and the coordinating nitrogen atoms of µ1,1-/µ1,1,1-azido 
ligands are placed in such a way that a defective dicubane type Ni4O4N2 (in 1−4)/Ni4O2N4 (5 
and 6) structure is generated in which the common face is composed of two metal ions (Ni2 
and Ni2A) and the coordinating atoms (O6 and O6A or N5 and N5A) of the two core µ3-
bridging ligands.  
Another similarity among the tetranickel(II) cores in the five compounds 1‒5 is that 
the two nickel(II) ions in the so-called NiII2 fragment are bridged by a µ1,3-carboxylato ligand, 
which is o-benzoylbenzoato for 1, 4 and 5, phenyl acetato for 2 and salicylato for 3. Clearly, 
there are two such carboxylatos in each of the NiII4 compounds 1‒5. It is also obvious that, in 
1‒5, one coordination position of each NiII center is occupied by an oxygen atom of a µ1,3-
carboxylato ligand. In sharp contrast, there is no µ1,3-carboxylato ligand in 6. Rather, there 
are one water and one monodentate azido ligands per NiII2 fragment in 6; one nickel(II) is 
coordinated to the azido nitrogen atom while the second is coordinated to the water oxygen 
atom. Obviously, the two metal ions in each NiII2 fragment in 1‒5 are bridged by a µ-
phenoxo oxygen atom, a µ3-methoxo/hydroxo/µ1,1,1-azido oxygen/nitrogen atom and a µ1,3-
carboxylato oxygen atom, whereas the two metal ions in each NiII2 fragment in 6 are bridged 
by a µ-phenoxo oxygen atom and a µ3-/µ1,1,1-azido nitrogen atom. 
For the sake of simplicity, it is logical not to discuss the structural parameters 
involving the ligand having minor occupancy in the µ3-mixed-ligand. Each Ni
II center in 1‒6 
is hexacoordinated. The selected bond distances and angles involving Ni1 and Ni2 centers are 




































































1‒6 are, respectively, 1.994–2.166 Å, 2.012–2.148 Å, 1.997–2.146 Å, 2.012–2.174 Å, 1.994–
2.185 Å and 1.989–2.114 Å, i. e., the differences between the longest and shortest bond 
distances are, respectively, 0.172 Å, 0.136 Å, 0.149 Å, 0.162 Å, 0.191 Å and 0.125 Å. The 
ranges of bond distances involving the Ni2 centers in 1‒6 are, respectively, 2.028–2.084 Å, 
2.038–2.073 Å, 2.044–2.074 Å, 2.029–2.090 Å, 2.001–2.134 Å and 2.029–2.172 Å, i. e., the 
differences between the longest and shortest bond distances are, respectively, 0.056 Å, 0.035 
Å, 0.03 Å, 0.061 Å, 0.133 Å and 0.143 Å. Hence, the range of bond distances around Ni1 is 
wider in most cases. The bond distances involving the phenoxo oxygen atom (overall range: 
1.994–2.032 Å) and imine nitrogen atom (overall range: 1.989–2.012 Å) for the Ni1 centers 
in 1‒6 and the bond distances involving µ3-methoxo/hydroxo oxygen atom (overall range: 
2.022–2.034 Å) for the Ni1 centers in 1‒4 are significantly shorter than the other bond 
distances (overall range:  2.063–2.174 Å) involving Ni1. However, even such a broad order is 
not found for the bond distances involving the Ni2 centers in 1‒6. The ranges of the 
deviations of the transoid angles from 180º are 1.44‒14.74º and 5.72‒11.10º for the Ni1 and 
Ni2 centers, respectively, and the ranges of the deviations of the cisoid angles from 90º are 
10.94–14.23º and 10.20–11.69º for the Ni1 and Ni2 centers, respectively. This way, the bond 
distances and bond angles indicate that the coordination geometry for both Ni1 and Ni2 
centers is distorted octahedral, slightly more distorted for the Ni1 centers. The results of 
SHAPE[15] analyses (Table S6) also support this assignment, according to which the ‘best 
ideal’ geometry is octahedral where the ranges of the deviations from the ideal geometry for 
Ni1 and Ni2 centers are 0.765‒1.087 and 0.517‒0.700, respectively. 
 It has been possible to analyze the supramolecular interactions in four (1, 4, 5 and 6) 
of the six compounds while it is logical not to comment anything about supramolecular 
interactions in the remaining two compounds (2 and 3) because the sites of interactions in the 
latter two cases are disordered. The compounds 1, 4, 5 and 6 exhibit H-bonding interactions 
(Table S7). In case of complexes 1, 4 and 5, one of the participating atom in intermolecular 
H-bonding is benzoyl oxygen atom (O7D) of the carboxylato moiety of one molecule. The 
other interacting counterparts are (i) alcohol moiety (O3‒H3A) of the Schiff base ligand 
[HL1]− for complex 1; (ii) imine moiety (C7‒H7) of [HL1]− for complex 4 and (iii) aldehyde 
moiety (C8‒H8) of [HL1]− for 5. Thus, complex 1 adopts a 1D topology (Figure 3), complex 
4 adopts a 2D topology (Figure 4) and complex 5 forms a 1D chain (Figure S3). Complex 6 
exhibits both intramolecular and intermolecular type H-bondings which result in the 
formation of a 2D topology (Figure S4). Intramolecular H-bonding takes place between 




































































interaction takes place between methyl moiety (C13‒H13B) of [HL1]− of one molecule and 
N7D of µ1,1,1-azido ligand of another molecule.  
 
 
Figure 3. Intermolecular H–bonding mediated 1D supramolecular representation along the 
crystallographic a axis of [NiII4(HL
1)2(3-OMe)2(1,1-N3)2(1,3-o-benzoylbenzoato)2] (1). All 
hydrogen atoms except those participating in the H–bonding interactions have been omitted 





Figure 4. Intermolecular H–bonding mediated 2D supramolecular representation in the 
crystallographic bc plane of [NiII4(HL
1)2(3-OH)2(1,1-N3)2(1,3-o-benzoylbenzoato)2]·2H2O 
(4). All hydrogen atoms except those participating in the H–bonding interactions have been 
omitted for clarity. Solvent of crystallisation molecules have also been omitted for simplicity. 




































































Magnetic Properties. DC magnetic susceptibility data (2‒300 K) at 0.1 T field and 
magnetization data (up to 5 T) at 2, 4, 6, 8 and 10 K of 1‒6 are shown in Figure 5 and S5, 
respectively. The χMT value at 300 K for 1‒6 are, respectively, 5.77, 5.97, 5.81, 5.51, 5.95 
and 5.07 cm3 K mol–1, which are greater than the theoretical value of 4.00 cm3 K mol–1 (g = 
2)/4.84 cm3 K mol–1 (g = 2.2) for four noninteracting metal ions with S1 = S2 = S3 = S4 =1. 
The variable-temperature profiles of the six compounds are similar. On lowering of 
temperatures from 300 K, the χMT value increases gradually to reach a maximum value (ca. 
11.87, 11.13, 11.48, 11.37, 10.87 and 6.81 cm3 K mol–1 for 1‒6, respectively) in a particular 
temperature range (ca. 10 K for 2, 3, 4 and 6, ca. 12 K for 1 and ca. 16 K for 5) and then 
decreases rapidly to 8.48, 7.97, 9.62, 9.20, 6.99 and 5.43 for cm3 K mol–1, respectively, at 2 
K. The profiles indicate the following: (i) Overall interaction in each of the six compounds is 
ferromagnetic; (ii) Rapid decrease in χMT at low temperatures takes place due to single-ion 
zero-field effect of NiII. The magnetization (M) data of all the six compounds up to 5 T at 2, 
4, 6, 8 and 10 K were collected and are shown in Figure S5. The M values does not get 
saturated at 5 T and the values at 5 T and 2 K (7.08, 7.33, 7.72, 7.88, 7.07 and 7.54 Nβ, 
respectively) are lower than the theoretical value of 8.8 Nβ (g = 2.2) expected for ST = 4. 
Hence, M versus H data also indicate the existence of zero-field effects. Therefore, magnetic 
properties of 1‒6 should be modelled on taking into consideration of both exchange 












































































1)2{(3-OMe)0.83(3-N3)0.17}2(1,1-N3)2(1,3-phenyl acetato)2]·2H2O (2) 
(Top right), [NiII4(HL
1)2{(3-OMe)0.80(3-N3)0.20}2(1,1-N3)2(1,3-salicylato)2] (3) (Middle 
left), [NiII4(HL
1)2(3-OH)2(1,1-N3)2(1,3-o-benzoylbenzoato)2]·2H2O (4) (Middle right), 
[NiII4(HL
1)2{(3-N3)0.58(3-OMe)0.42}2(1,1-N3)2(1,3-o-benzoylbenzoato)2]·2H2O (5) (Bottom 
left) and [NiII4(HL
1)2(1,1,1-N3)2(1,1-N3)2(N3)2(OH2)2]·4DMF (6) (Bottom right) between 2 
and 300 K. The symbols are experimental data, while the solid lines represent the calculated 
curves. 
 
In principle, there are three exchange integrals in each of 1‒6 and these are as follows 
(Scheme 4): J1, J2 and J3.  J1 is the integral between the two metal ions (Ni1 and Ni2 or Ni1A 




































































concerned metal ions are triple-bridged in 1−5 and doubly-bridged in 6 by the following 
moieties: (i) One μ-phenoxo oxygen atom (for 1−6); (ii) One μ3-methoxo oxygen atom (for 1) 
or one μ3-hydroxo oxygen atom (for 4) or one μ3-methoxo-azido mixed ligand set (for 2, 3 
and 5) or one μ1,1,1-azido (for 6); (iii) Two oxygen atoms of one μ1,3-carboxylato ligand (for 
1‒4). J2 is the integral between the two metal ions (Ni1 and Ni2A or Ni1A and Ni2 in 1‒6) in 
two symmetry related pairs of metal ions, where the two concerned metal ions are double-
bridged by the following moieties: (i) One μ1,1,-azido nitrogen atom(for 1−6); (ii) One μ3-
methoxo oxygen atom (for 1) or one μ3-hydroxo oxygen atom (for 4) or one μ3-methoxo-
azido mixed ligand set (for 2, 3 and 5) or one μ1,1,1-azido (for 6). J3 is the integral between 
two metal ions in only one pair (Ni2 and Ni2A), where the two concerned metal ions are 
bridged by bis(μ3-methoxo) (for 1) or bis(μ3-hydroxo) (for 4) or bis(μ1,1,1-azido) (for 6) or 
bis(μ3-methoxo-μ1,1,1-azido mixed ligand set) (for 2, 3 and 5). 
 
 
Scheme 4. Model for magnetic interactions in 1‒6. X = (OMe‒) for 1, {(OMe‒)0.83(N3
‒)0.17} 
for 2, {(OMe‒)0.80(N3
‒)0.20} for 3, (OH
‒) for 4, {(N3
‒)0.58(OMe
‒)0.42} for 5 and exclusively N3
‒ 
for 6. For 6, µ1,3-RCO2
‒ ligand is replaced by monodentate azido and water. 
  
According to the above mentioned models of magnetic exchange interactions and 
taking into account the single-ion zero-field effect of NiII ions, the spin Hamiltonian for the 
magnetic properties of 1‒6 can be given by 
 









































































Where S1 = S2 = S3 = S4 = 1. Using this general model Hamiltonian, the variable-temperature 
(2‒300 K) susceptibility data under 0.1 T field and variable-field (up to 5 T) magnetization 
data at 2, 4, 6, 8, and 10 K were simultaneously simulated with the PHI program.[16] Good 
quality fittings were obtained (Figure 5, S5 and Table S8) with the following sets of 
converging parameters: J1 = 11.43 cm
–1, J2 = 7.09 cm
–1, J3 = ‒0.24 cm
–1, DNi = 13.83 cm
–1 
and g = 2.25 for 1; J1 = 20.12 cm
–1, J2 = 3.47 cm
–1, J3 = ‒0.72 cm
–1, DNi = 14.47 cm
–1 and g = 
2.25 for 2; J1 = 22.79 cm
–1, J2 = 6.14 cm
–1, J3 = ‒0.91 cm
–1, DNi = 8.14 cm
–1 and g = 2.18 for 
3; J1 = 16.07 cm
–1, J2 = 5.92 cm
–1, J3 = ‒0.93 cm
–1, DNi = 9.91 cm
–1 and g = 2.18 for 4; J1 = 
6.02 cm–1, J2 = 31.27 cm
–1, J3 = 2.28 cm
–1, DNi = 19.11 cm
–1 and g = 2.16 for 5; J1 = ‒1.16 
cm–1, J2 = 4.62 cm
–1, J3 = 2.80 cm
–1, DNi = 8.26 cm
–1 and g = 2.21 for 6. Summary of static 
magnetic properties for all the compounds 1‒6 has been given in Table S8. The D values in 
this series are positive and lie in the range from ~8 to ~19 cm–1. It is worth mentioning that 
these D values are reliable because changing the magnitude or sign of D results in poor fitting 
of the susceptibility/magnetization data. However, the D values obtained here lie in the range 
of the reported examples and there are examples of higher D values of NiII.[6, 17] It may be 
mentioned that there is already a report in which different D values of some NiII compounds 
were listed.[17] 
It is known that metal‒O‒metal and metal‒N‒metal bridge angles are the most 
important parameters in governing the nature and magnitude of magnetic exchange 
interactions propagated through, respectively, phenoxo/hydroxo/methoxo[1,2a‒d] and μ1,1-
azido[2e,f] bridges. Typically, the cross-over angle in phenoxo/hydroxo/methoxo bridged 3d-
3d systems[1,2a‒d] lie in the range 95‒98º and the cross-over angle in diphenoxo-bridged 
dinickel(II) systems[2b] is 97.5º; the interaction is ferromagnetic if bridge angle is smaller than 
97.5º and antiferromagnetic if bridge angle is greater than 97.5º. It is also a logical 
approximation that the latter specific correlation is also valid for hydroxo/methoxo-bridged 
systems. According to a DFT-computed correlation,[2e] the ferromagnetic interaction in μ1,1,-
azido bridged dinickel(II) systems increases with the increase of Ni‒N‒Ni bridge angle and it 
becomes maximum when the bridge angle is 104º. It has been found experimentally also that 
the ferromagnetic interaction is negligible when Ni‒N‒Ni angle is close to 90º and the 
interaction increases as the bridge angle increases to ca. 105º.[2f] Notably, it is also a logical 
approximation that the correlations in μ1,1-azido systems can be valid to μ1,1,1-azido systems. 
A model of exchange interactions of a system with four local spins can be represented 
by a rectangle. Such a rectangular representation of the exchange integrals in 1‒6 is shown in 




































































opposite edges and J3 corresponds to a diagonal. Clearly, the value of J3 is a unique solution 
in the simulations. On the other hand, as the four local spins are the same (S1 = S2 = S3 = S4 = 
1), the simulated values of J1 and J2 are interchangeable, i. e., one of the two simulated values 
(for J1 and J2) of exchange integrals have to be assigned to J1 and the second to J2 on the 
basis of existing magneto-structural correlations. The task is not easy as the pathways of most 
magnetic interactions are heterobridged. Yet, as discussed below, the two simulated values 
can be logically well assignable to J1 and J2. 
For the sake of simplicity, it is logical to omit the contribution of the ligand of minor 
occupancy of the µ3-mixed-ligand set to assign J1 and J2. In the two Ni
II(μ-phenoxo-μ3-
methoxo/hydroxo-μ1,3-carboxylato)Ni
II pairs (J1 route) in 1‒4, the ranges of 
Ni‒O(phenoxo)‒Ni and Ni‒O(methoxo/hydroxo)‒Ni angles are, respectively, 92.67‒94.74º 
and 91.82‒93.25º, and the average of the Ni‒O‒Ni angles in 1‒4 are, respectively, 93.56º, 
92.38º, 92.52º and 93.79º. These angles are smaller (by ca. 3.71‒5.12º) than the cross-over 
angle (97.5º). Moreover there is countercomplementarity effect of μ1,3-carboxylato. 
Therefore, J1 route should be ferromagnetic. In the two Ni
II(μ3-methoxo/hydroxo-μ1,1-
azido)NiII pairs (J2 route) in 1‒4, the ranges of Ni‒O(methoxo/hydroxo)‒Ni and Ni‒N(μ1,1-
azido)‒Ni angles are, respectively, 101.15‒103.35º and 96.62‒97.15º, which should 
propagate moderate antiferromagnetic and moderate ferromagnetic interactions, respectively. 
Clearly, the J2 routes should be less ferromagnetic than the J1 routes in all of 1‒4. Therefore, 
of the two ferromagnetic J1/J2 values obtained in the simulations in each of 1‒4, the larger 
has been assigned to the J1 route and the smaller to the J2 route (J1 = 11.43 cm
–1 and J2 = 7.09 
cm–1 for 1; J1 = 20.12 cm
–1 and J2 = 3.47 cm
–1 for 2; J1 = 22.79 cm
–1 and J2 = 6.14 cm
–1 for 3; 
J1 = 16.07 cm
–1 and J2 = 5.92 cm
–1 for 4). In the two NiII(μ-phenoxo-μ1,1,1-azido)Ni
II pairs (J1 
route) in 6, the Ni‒O(phenoxo)‒Ni and Ni‒N(μ1,1,1-azido)‒Ni angles are, respectively, 
100.40º and 93.70º, and hence they should propagate, respectively, weak antiferromagnetic 
and weak ferromagnetic interactions. Therefore, the J1 route in this compound should be 
weakly ferromagnetic or weakly antiferromagnetic. In the two NiII(μ1,1,1-azido-μ1,1-azido)Ni
II 
pairs (J2 route) in 6, the Ni‒N(μ1,1,1-azido)‒Ni and Ni‒N(μ1,1-azido)‒Ni angles are, 
respectively, 97.90º and 101.30º (i. e. closer to 104º than in the J1 route (93.70º)) and hence 
the J2 route in this compound should be more ferromagnetic than the J1 route. Therefore, of 
the two J1/J2 values obtained in the simulations in 6, the ferromagnetic value has been 
assigned to the J2 route and the antiferromagnetic value to the J1 route (J1 = ‒1.16 cm
–1 and J2 
= 4.62 cm–1). In the two NiII(μ-phenoxo-μ1,1,1-azido-μ1,3-carboxylato)Ni
II pairs (J1 route) in 5, 




































































and hence both phenoxo and μ1,1,1-azido bridges in this compound should mediate only 
weakly ferromagnetic interactions; the interaction can be enhanced by the 
countercomplementarity effect of μ1,3-carboxylato. In the two Ni
II(μ1,1,1-azido-μ1,1-azido)Ni
II 
pairs (J2 route) in 5, the Ni‒N(μ1,1,1-azido)‒Ni and Ni‒N(μ1,1-azido)‒Ni angles are, 
respectively, 101.95º and 98.30º (both closer to 104º than in the J1 route (91.23º)) and hence 
the J2 route in this compound should be more ferromagnetic. Therefore, of the two 
ferromagnetic J1/J2 values obtained in the simulations in 5, the larger has been assigned to the 
J2 route and the smaller to the J1 route (J1 = 6.02 cm
–1 and J2 = 31.27 cm
–1). 
The values of J3 are small in each of 1‒6, from ‒0.24 to ‒0.93 cm
–1 in 1‒4, 2.28 cm–1 
in 5 and 2.80 cm–1 in 6. In the NiII(μ3-methoxo/hydroxo-μ3-methoxo/hydroxo)Ni
II pair (J3 
route) in 1‒4, the ranges of the average Ni‒O(methoxo/hydroxo)‒Ni angles are 97.37‒98.88º, 
which are close to the value of cross-over angle, and therefore this route propagates only 
weak interaction. In the NiII(μ1,1,1-azido-μ1,1,1-azido)Ni
II pair (J3 route) in 5 and 6, the 
Ni‒N‒Ni angles are, respectively, 96.12º and 98.30º, which are significantly smaller than 
104º. Therefore, weak ferromagnetic interactions are propagated through this type of route in 
5 and 6.  
 
Comparison of 1‒6 with related systems 
 
Some structural and magnetic parameters of 1‒6 and related known defect-dicubane 
compounds having similar bridging moieties are listed in Tables 1 and 2. Only a few defect-
dicubane type NiII4 compounds having core structures similar to those in 1‒3, 5 and 6 have 
been reported previously. It is worth mentioning that compounds 2, 3 and 5 contain mixture 
of μ3-methoxo and μ3-azido core ligands between which former is the major μ3-core ligand 
for 2 and 3 and latter is for 5. Considering μ3-methoxo as core ligand, there are six 
compounds similar to 1‒3 and magnetic studies were done for five among those six (I‒V).[4,5] 
On the other hand, considering μ3-azido as core ligand there are one compound
[6] (VI) similar 
to 5 and two compounds[6] (VII and VIII) similar to 6. However, no related NiII4 compound 
containing mixture of μ3-methoxo and μ3-azido core ligands has been reported previously. 
Again, there is no such NiII4 compound with a μ3-hydroxo core ligand (as in 4) known. 
Hence, compounds 2, 3, 4 and 5 manifest a new type of μ3-core bridging pattern with respect 






































































Table 1. Relative comparison of Magnetic exchange coupling constant, J (cm-1) values for defect dicubane like complexes exhibiting 
[Phenoxo, μ1,1,1-methoxo/hydroxo, μ1,3-carboxylato; μ1,1,1-methoxo/hydroxo, μ1,1-azido; Bis μ1,1,1-methoxo/hydroxo] type interactions in the 






































































































































































































































































Table 2. Relative comparison of Magnetic exchange coupling constant, J (cm-1 ) values for defective dicubane like complexes exhibiting 
























































































































































































The primary ligands stabilizing the defective dicubane NiII4 compounds are H2L
1 and 
an analogous unsymmetrical ligand,[4] respectively, in 1‒6 and I, H3L type symmetrical 
ligands in II‒V,[5] VII[6] and VIII [6] (Table S9). Clearly, 1‒6 are the second examples of 
related defective dicubane NiII4 compounds derived from H2L
1 type of unsymmetrical ligands 
(the ligands having one O(alcohol)N(imine)O(phenol) and one O(aldehyde)O(phenol) 
compartments). The carboxylatos in I‒VI are very similar; propionato in I and acetato in 
II‒VI. On the other hand, different types of carboxylatos (o-benzoylbenzoato, phenylacetato 
and salicylato) are used in 1‒6. A H3L type ligand
[5a,6] (a (1:2) condensation product of 2,6-
diformyl-4-methylphenol and 1-amino-2-propanol) is known to stabilize three defective 
dicubane type NiII4 compounds, one
[5a] ([Ni4(L
III)2(N3)2(CH3COO)2(CH3O)2]·2CH3OH, 
compound III in Table 1 and S9) with μ3-methoxo and two μ1,3-carboxylatos, the second
[6] 
([Ni4(H2L
VI)2(μ-CH3CO2)2(μ3-1,1,1-N3)2(μ-1,1-N3)2]·2CH3OH, compound VI in Table 2 and 
S9) with μ1,1,1-azido and two μ1,3-carboxylatos and the third
[6] ([Ni4(H2L
VII)2(μ3-1,1,1-N3)2(μ-
1,1-N3)2(CH3OH)2Cl2]·4CH3OH, compound VII in Table 2 and S9) with μ1,1,1-azido but 
having no carboxylatos, i. e. the concerned systems are similar to, respectively, 1, 5 and 6. 
However, stabilization of the following four types of systems derived from a single base 
ligand (H2L
1) is unique : (i) System 1 having 3-methoxo and two 1,3-carboxylatos; (ii) 
System 4 having 3-hydroxo and two 1,3-carboxylatos; (iii) Systems 2, 3 and 5 having 
mixture of 3-methoxo and 1,1,1-azido and two 1,3-carboxylatos; (iv) System 6 having 1,1,1-
azido but no carboxylato. Moreover, the solvent-dependent and both-way interconversions 
between the 3-methoxo compound 1 and 3-hydroxo compound 4 is interesting and in fact a 
new type of observation. In this context, it is worth mentioning that two defect-dicubane NiII4 
systems,[3f] [NiII4(3-OH)2(H2O)6(ntp)2]·2H2O (A) and [Ni
II
4(3-OMe)2(H2O)6(ntp)2 (B), are 
produced in water and methanol, respectively (H3ntp = N(CH2CH2COOH)3). However, some 
reactants are different for the two compounds A and B (NiSO4·7H2O and KOH for A; NiCl2 
and NaOH for B). Moreover, the interconversion between A and B was not reported.  
Although the bridge angles are the most important governing parameters for magnetic 
properties, some other structural parameters including metal-ligand bond distances, 
metal···metal distances, dihedral angles in the bridging moieties, etc., along with the nature of 
Schiff base ligands and nature of carboxylatos, should influence the magnetic properties. 
Therefore, clear-cut relationship is difficult to achieve in 1‒6 and I‒VIII (Figure S6‒S9). 
However, some qualitative relationship is observed. As in 1‒6, the overall interaction in all of 




































































I. The order (magnitude) J1 > J2 > J3 in 1‒4 is same as that in I. J3 values (0.76 cm
-1 in I; 
from ‒0.93 to ‒0.24 cm–1 in 1‒4) are very small in 1‒4 and I, which occurs because the 
bridge angle values in the J3 route are close to the cross-over angle in these compounds. The 
bridge angles in both J1 and J2 routes in I are not very different from those in 1‒4 and 
therefore the J1 (13.75 cm
–1 in I and 11.43‒22.79 cm–1 in 1‒4) and J2 values (10.31 cm
–1 in I 
and 3.47‒7.09 cm–1 in 1‒4) are comparable. As can be seen in Table 2, the bridge angle 
values in both J1 route and J2 route in 5 are slightly different from those in VI and both are 
ferromagnetic with the same order, J1 < J2 (J1 = 6.02 cm
–1 and J2 = 31.27 cm
–1 in 5; J1 = 1.74 
cm–1 and J2 =15.92 cm
–1 in VI). The Ni‒N‒Ni bridge angles in the J3 route in 5 and VI are 
96º and 99º and both are ferromagnetic (J3 = 2.28 cm
–1 in 5 and 14.79 cm–1 in VI). The bridge 
angle values for the J1 route in 6, VII and VIII are close and, interestingly, this route is 
antiferromagnetic in these three compounds (J1 = ‒1.16, ‒7.33 and ‒5.59 cm
–1, respectively).  
 
Conclusions 
The foci of this investigation have been the isolation of NiII4 compounds with variable 
µ3-core bridging ligands and studies of the magnetic properties of the derived systems. Six 
defective dicubane NiII4 compounds (1‒6) in this report contain a variable µ3-core ligands 
(methoxo in 1, hydroxo in 4, µ1,1,1-azido in 6 and mixture of methoxo/µ1,1,1-azido in 2, 3 and 
5). Moreover, to the best of our knowledge, regarding the mixed µ3-core bridging ligands, 
three compounds in this investigation (2, 3 and 5) are observed for the first time. An 
interesting and unique feature of this study is the solvent-dependent and both-way 
interconversion of a µ3-methoxo and corresponding µ3-hydroxo compounds (1 and 4, 
respectively). 
The ligand, [HL1]‒, herein is an unsymmetrical Schiff base moiety having one 
O(alcohol)N(imine)O(phenoxo) site and one O(aldehyde)O(phenoxo) site and, next to only 
one example,[4] 1‒6 are the second examples of defective dicubane NiII4 systems derived from 
such a base ligand. No other series is known where a particular base ligand stabilizes related 
systems with three different µ3-core ligands (methoxo, hydroxo, µ1,1,1-azido). While only 
acetate in most cases and propionate in one case were used as the carboxylatos in related 
compounds, different types of carboxylatos (o-benzoylbenzoato, phenylacetato and 
salicylato) including some unusual acids have been used in this investigation.  
 Both variable-temperature and variable-field magnetic studies reveal overall 




































































simulated well with a three-J model and, interestingly, the exchangeable J values could be 
well assigned to the appropriate routes. Although the interactions are overall ferromagnetic, 
there are antiferromagnetic routes in some compounds. The results of 1‒6 and previously 




Caution! Azido complexes of metal ions with organic ligands are potentially explosive. Only 
a small amount of material should be prepared, and it should be handled with care. 
Materials and physical measurements. All the reagents and solvents were purchased from 
commercial sources and used as received. 2,6-diformyl-4-ethylphenol was synthesized by a 
known procedure.[18] Elemental (C, H and N) analyses were performed on a Perkin-Elmer 
2400 II analyzer. IR spectra were recorded in the region 400–4000 cm–1 on a Bruker-Optics 
Alpha–T spectrophotometer with samples as KBr disks. The magnetic measurements were 
carried out with a SQUID magnetometer (MPMS, Quantum Design). Diamagnetic 
corrections were taken into account based on Pascal’s constants. 
 
Syntheses. 
H3L solution. A solution of 2-amino-2-methyl-1-propanol (1.904 g, 20 mmol) in 25 mL 
methanol was added dropwise to a 35 mL methanol solution of 2,6-diformyl-4-ethylphenol 
(1.780 g, 10 mmol) under warming condition. The reaction mixture was refluxed for 3 h. 
After cooling, the volume of the solution was diluted to 100 mL in a volumetric flask. The 
resulting orange colored ‘H3L solution’ was supposed to contain 10 mmol of the ligand H3L 
and was utilised for subsequent reactions without further purification. 
 [NiII4(HL1)2(3-OMe)2(1,1-N3)2(1,3-o-benzoylbenzoato)2] (1). To a 10 mL ‘H3L solution’ 
containing 1 mmol H3L was dropwise added under stirring a NaOH solution (0.120 g, 3 
mmol) in minimum H2O. The orange colored solution gradually turned into yellow. To it, 10 
mL methanol solution of Ni(ClO4)2·6H2O (0.731 g, 2 mmol) was added and the mixture was 
stirred for another 20 min. To the green colored clear solution, a solution of o-benzoyl 
benzoic acid (0.452 g, 2 mmol) in 10 mL methanol and a solution of sodium azide (0.130 g, 2 
mmol) in minimum volume of water were successively added and the mixture was stirred for 
2 h. The resulting yellowish green colored reaction mixture was filtered to remove any 




































































After few days, green colored crystalline compound containing diffraction quality single 
crystals were obtained, which was collected by filtration, washed with cold methanol and 
dried in vacuum.  
Data for 1. Yield: 0.405 g (61%). Anal. calcd. For C58H60N8O14Ni4 (FW: 1327.98): C, 52.46; 
H, 4.55; N, 8.44%. Found: C, 51.98; H, 4.64; N, 8.59%. Selected FT-IR data (cm−1) on KBr: 
ν(N3
‒), 2063vs; ν(C=O), 1651vs; ν(C=N), 1633s; νas(COO), 1585m and νs(COO), 1390m.  
[NiII4(HL1)2{(3-OMe)0.83(3-N3)0.17}2(1,1-N3)2(1,3-phenyl acetato)2]·2H2O (2) and 
[NiII4(HL1)2{(3-OMe)0.80(3-N3)0.20}2(1,1-N3)2(1,3-salicylato)2] (3). These two compounds 
were prepared following the similar procedure as described for 1, except that phenyl acetic 
acid (0.272 g, 2 mmol) and salicylic acid (0.276 g, 2 mmol) were used, respectively, for 2 and 
3 instead of o-benzoylbenzoic acid. 
Data for 2. Yield: 0.395 g (67%). Anal. calcd. For C45.66H58.97N9.04O13.65Ni4 (FW: 1187.65): 
C, 46.17; H, 5.00; N, 10.66%. Found: C, 46.56; H, 4.90; N, 10.48%. Selected FT-IR data 
(cm−1) on KBr: ν(O‒H), 3443br; ν(N3
‒), 2113s and 2065vs; ν(C=O), 1651s; ν(C=N), 1633s; 
νas(COO), 1578m and νs(COO), 1380m.  
Data for 3. Yield: 0.360 g (62%). Anal. calcd. For C43.59H50.79N9.21O13.6Ni4 (FW: 1156.16): 
C, 45.28; H, 4.43; N, 11.16%. Found: C, 45.61; H, 4.49; N, 10.96%. Selected FT-IR data 
(cm−1) on KBr: ν(N3
‒), 2069vs; ν(C=O), 1650vs; ν(C=N), 1633s; νas(COO), 1567m and 
νs(COO), 1405m.  
[NiII4(HL1)2(3-OH)2(1,1-N3)2(1,3-o-benzoylbenzoato)2]·2H2O (4). This complex was 
synthesized according to the similar procedure as that of 1, except that 5 mL DMF was added 
to 10 mL ‘H3L solution’ before the addition of an aqueous NaOH solution.  
Data for 4. Yield: 0.394 g (59%). Anal. calcd. For C56H60N8O16Ni4 (FW: 1335.92): C, 50.35; 
H, 4.53; N, 8.39%. Found: C, 50.14; H, 4.61; N, 8.55%. Selected FT-IR data (cm−1) on KBr: 
ν(O‒H), 3423br; ν(N3
‒), 2066vs; ν(C=O), 1647vs; ν(C=N), 1619s; νas(COO), 1557m and 
νs(COO), 1386m.  
[NiII4(HL1)2{(3-N3)0.58(3-OMe)0.42}2(1,1-N3)2(1,3-o-benzoylbenzoato)2]·2H2O (5). This 
complex was prepared following the similar procedure as described for 1, except that 
Ni(ClO4)2·6H2O (0.365 g, 1 mmol) and MnCl2·4H2O (0.198 g, 1 mmol) were successively 
added instead of only Ni(ClO4)2·6H2O (0.731 g, 2 mmol).  
Data for 5. Yield: 0.228 g (66%). Anal. calcd. For C56.83H60.49N11.51O14.83Ni4 (FW: 1376.82): 




































































(cm−1) on KBr: ν(O‒H), 3461br; ν(N3
‒), 2092s and 2063vs; ν(C=O), 1650vs; ν(C=N), 
1632vs; νas(COO), 1581m and νs(COO), 1391vs.  
[NiII4(HL1)2(1,1,1-N3)2(1,1-N3)2(N3)2(OH2)2]·4DMF (6). To a 10 mL ‘H3L solution’ 
containing 1 mmol H3L was dropwise added under stirring a NaOH solution (0.120 g, 3 
mmol) in minimum H2O. The orange colored solution gradually turned into yellow. Then 10 
mL methanol solution of Ni(ClO4)2·6H2O (0.731 g, 2 mmol) was added and stirred for 
another 20 min. To the resulting mixture, a solution of sodium azide (0.260 g, 4 mmol) in 
minimum volume of water was added and stirred. Immediately, a green solid started to 
deposit and the solution was allowed to stir for another 1 h. The solid was collected by 
filtration and washed with cold methanol. Recrystallization from a DMF‒ether mixture (1:4) 
afforded a green crystalline compound containing diffraction quality single crystals.  
Data for 6. Yield: 0.375 g (57%). Anal. calcd. For C40H68N24O12Ni4 (FW: 1312.02): C, 
36.62; H, 5.22; N, 25.62%. Found: C, 36.29; H, 5.14; N, 25.39%. Selected FT-IR data (cm−1) 
on KBr: ν(O‒H), 3451br; ν(N3
‒), 2107w, sh, 2079sh and 2056vs; ν(C=O), 1650vs; ν(C=N), 
1631s.  
Solvent dependent interconversion between 1 and 4/alternative way for synthesis of 1 
and 4. Compound 4 (0.030 g, 0.02 mmol) was dissolved in MeOH (10 mL) under warming 
condition.  The solution was taken in a long tube and ether was slowly added to make two 
separate layers. After a few days, crystals of 1 was formed which was collected by filtration 
and washed with cold methanol. Compound 1 (0.030 g, 0.02 mmol) was dissolved in DMF 
(10 mL) under warming condition. The solution was taken in a long tube and ether was 
slowly added to make two separate layers. After a few days, crystals of 4 was formed which 
was collected by filtration and washed with cold DMF-water (1:3) mixture.  
 
Supporting Information: Contains Figures S1‒S9, Tables S1‒S9, crystal structure 
determination of 1–6 and CCDC number of 1–6.  
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This manuscript describes six defect-dicubane NiII4 compounds containing two μ3-methoxo 
or μ3-hydroxo or μ3-azido or mixture of μ3-methoxo/μ3-azido core ligands. Solvent-dependent 
and both-way interconversion between μ3-methoxo and μ3-hydroxo systems takes place. All 






















































































Figure 1. (a) Crystal structure of [NiII4(HL
1)2(3-OMe)2(1,1-N3)2(1,3-o-benzoylbenzoato)2] 
(1). All the hydrogen atoms except those of the core µ3-methoxo bridging ligands have been 
omitted for clarity. Symmetry code: A = –x, 2–y, 1–z; (b) Crystal structure of [NiII4(HL
1)2(3-
OH)2(1,1-N3)2(1,3-o-benzoylbenzoato)2]·2H2O (4). Hydrogen atom on 3-hydroxo oxygen 
atoms (O6/O6A) were not inserted. All the other hydrogen atoms and water molecules of 
crystallization have been omitted for clarity. Symmetry code: A = 1–x, 1–y, –z. 
Click here to access/download;Graphical Material;Figure 1 .doc
 
 
Figure 2. (a) Crystal structure of [NiII4(HL
1)2{(3-N3)0.58(3-OMe)0.42}2(1,1-N3)2(1,3-o-
benzoylbenzoato)2]·2H2O (5). All the hydrogen atoms except those of the core µ3-methoxo 
bridging ligands and two water molecules of crystallisation have been omitted for clarity. 
Symmetry code: A = 2–x, 1–y, 1–z; (b) Crystal structure of [NiII4(HL
1)2(1,1,1-N3)2(1,1-
N3)2(N3)2(OH2)2]·4DMF (6). All the hydrogen atoms except those of the coordinated water 
molecules have been omitted for clarity. Four DMF molecules of crystallisation have also 
been omitted for simplicity. Symmetry code: A = 1–x, 2–y, –z. The dotted lines represent 
intramolecular hydrogen bonding. 
Click here to access/download;Graphical Material;Figure 2 .doc
 
 
Figure 3. Intermolecular H–bonding mediated 1D supramolecular representation along the 
crystallographic a axis of [NiII4(HL
1)2(3-OMe)2(1,1-N3)2(1,3-o-benzoylbenzoato)2] (1). All 
hydrogen atoms except those participating in the H–bonding interactions have been omitted 
for clarity. Symmetry code: D = 0.5–x, 2.5–y, 1–z; A = –x, 2–y, 1–z. 
Click here to access/download;Graphical Material;Figure 3 .doc
 
 
Figure 4. Intermolecular H–bonding mediated 2D supramolecular representation in the 
crystallographic bc plane of [NiII4(HL
1)2(3-OH)2(1,1-N3)2(1,3-o-benzoylbenzoato)2]·2H2O 
(4). All hydrogen atoms except those participating in the H–bonding interactions have been 
omitted for clarity. Solvent of crystallisation molecules have also been omitted for simplicity. 
Symmetry code: D = 1–x, 0.5+y, 0.5–z; A = 1–x, 1–y, –z. 
Click here to access/download;Graphical Material;Figure 4 .doc
 




(1) (Top left), [NiII4(HL
1)2{(3-OMe)0.83(3-N3)0.17}2(1,1-N3)2(1,3-phenyl acetato)2]·2H2O 
(2) (Top right), [NiII4(HL
1)2{(3-OMe)0.80(3-N3)0.20}2(1,1-N3)2(1,3-salicylato)2] (3) (Middle 
left), [NiII4(HL
1)2(3-OH)2(1,1-N3)2(1,3-o-benzoylbenzoato)2]·2H2O (4) (Middle right), 
[NiII4(HL
1)2{(3-N3)0.58(3-OMe)0.42}2(1,1-N3)2(1,3-o-benzoylbenzoato)2]·2H2O (5) (Bottom 
left) and [NiII4(HL
1)2(1,1,1-N3)2(1,1-N3)2(N3)2(OH2)2]·4DMF (6) (Bottom right) between 2 
and 300 K. The symbols are experimental data, while the solid lines represent the calculated 
curves. 
Click here to access/download;Graphical Material;Figure 5 .doc
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